Background: The focus in the reporting of results after total knee replacement (TKR) has changed from surgeon/ radiologist-based scores to patient-reported outcome measures (PROMs). The questionnaires used in subjective outcome are often originally published in English and need to be validated in different languages. The aim of our study was to investigate the feasibility, validity, reliability, and responsiveness of the Finnish language version of the Oxford Knee Score (OKS-S) questionnaire.
Background
The role of patient-reported outcome measures (PROMs) in the assessment of the outcome after any orthopedic intervention has been well established. Since the indication for surgery in degenerative diseases is always relative, PROMs should be implemented in the evaluation of the outcome and effectiveness of such interventions [1, 2] .
Any PROM should be culturally adaptable and in ideal situations it should be translated and validated in the desired foreign language [3] . The 12-item Oxford Knee Score (OKS) questionnaire was first introduced in 1998 [4] . The OKS questionnaire was specifically designed to measure subjective outcome after total knee replacement (TKR). Since 1998, the questionnaire has been widely used in the assessment of the outcome of knee replacement surgery and especially TKR. The OKS questionnaire has been translated and validated in 12 other languages [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . No pecific culture or language related problems were described in these studies. However, only the Dutch language validation of OKS has validated in in a prospective manner (ie. before and after a TKR) similar to the original work by Dawson et al. although such setting is necessary to appropriately estimate the responsiveness and effect size of a certain questionnaire [4, 12] . We therefore thought that in addition to the need to validate the OKS in Finnish language, there is a need to confirm the previous findings concerning the performance of OKS.
The aim of our study was to investigate the feasibility, validity, reliability, and responsiveness of the Finnish language version of the Oxford Knee Score (OKS-S) questionnaire.
Methods

Translation and pilot study
The original (English) OKS questionnaire was independently translated into Finnish by 2 professional translators. Based on these 2 independent translations, 1 researcher drafted a Finnish language OKS questionnaire. The final phrasing of the questionnaire was negotiated by a group of authors (AJ, EJ, AE). This final Finnish language version was then translated back into English by 2 professional translators who had not participated in the first English-Finnish translation process. The 2 back-translated OKS-S questionnaires were then compared to the original English language OKS questionnaire in order to assess the validity of the Finnish translation. The comparison was carried out by 1 researcher (AJ) and a native English speaker. Minor changes were made to questions 4,5,8, and 11. These changes were subsequently discussed by the study group and the final OKS-S questionnaire was accepted, as the need for a third back translation was not deemed to be necessary.
Five patients who were visiting our outpatient clinic for preoperative evaluation for TKR surgery were randomly selected for a pilot study. Of the 5 patients, 4 were female and 1 was male. The mean age was 63 years (range 51 to 72). The mean time to complete the questionnaire was 2 min and 24 s (range 1 min 20 s to 3 min 10 s). All participants deemed the questionnaire to be straightforward and easy to complete. 2 participants had trouble clearly understanding 1 question. The other wondered whether 1 was allowed to have crane to choose option Yes, easily in the item 11. The other wondered the true meaning of kneeling in the item 7.
Patient selection
A total of 410 patients from our outpatient clinic who were scheduled to undergo TKR surgery were asked to participate in the study. Of these, 250 agreed to do so. The only inclusion criterion was that patients had to be 18 years or older. Exclusion criteria included alcohol abuse, dementia or other neurological deficit, and/or previous replacement surgery in the affected knee. 25 patients who were scheduled to undergo bilateral TKR were also excluded. Therefore, the final study cohort comprised 225 patients. A written informed consent was obtained from all patients participating in this study. We obtained permission to perform this study from the ethics committee (Regional Ethics Committee in The Pirkanmaa Hospital District´s Science Centre, ref R12034) of the hospital district in which the study was conducted.
The patients were operated on between July 2013 and January 2015. Patient demographics are shown in Table 1 .
Questionnaires
Prior to index surgery, all patients received the Finnish language version of the OKS (OKS-S) questionnaire. The OKS questionnaire consists of 12 items specifically related to the knee. Each item has a Likert-box response key with 5 answer options. The options are graded from 0 (worst) to 4 points (best). Hence, the total score can range from 0 points being the worst possible health state to 48 points being the best possible state.
In addition to the OKS-S questionnaire, half of the patients received a Knee Injury and Osteoarthritis Outcome Score (KOOS) questionnaire (group 1) and the other half a RAND-36 quality of life questionnaire (group 2). The KOOS questionnaire comprises 5 domains with a total of 42 questions. Each question has 5 Likert-box response keys, and each domain is scored from 0 (worst) to 100 (best). To date, KOOS has not been validated in the Finnish language.
The RAND-36 questionnaire has been validated for use in the Finnish language [16] . The questionnaire comprises 8 domains with a total of 36 questions, and each question has 2 to 5 Likert-box response keys. Each question is scored from 0 (worst) to 100 (best), and the mean of all questions results in the score for each domain, which is scored similarly. The RAND-36 questionnaire is similar to the Short Form 36 (SF-36), but there is a slight difference in the scoring for the general health and pain domains [17] .
The questionnaires were sent preoperatively (1-2 weeks before the surgery) and 1 year postoperatively. Before surgery, the first 30 patients were again sent the OKS-S questionnaire after an interval of 1 week in order to assess test-retest reliability.
Only those patients who returned the questionnaires fully completed were included in the analysis. No data imputation was performed and 1 or more missing items or multiple responses resulted in the exclusion of the patient from the analyses. 
Statistics
Feasibility was defined as the percentage of patients who returned the OKS-S questionnaire correctly filled out, i.e., with no missing or duplicate responses. Validity assessment included criterion, construct (convergent and divergent), and content validity. For the purposes of the criterion validity assessment, the OKS-S questionnaire was correlated against each of the KOOS and RAND-36 domains. This was done separately for pre-and postoperative settings. In an ideal situation, criterion validity expresses the correlation of the parameter with the gold standard. However, there is no gold standard with regard to PROM prior and after TKR, and hence we selected KOOS and RAND-36 domains to be used as references.
The correlation between the OKS-S questionnaire and the symptoms, pain, daily living in the KOOS questionnaire, and the physical functioning, bodily pain and role limitation due to physical problems in the RAND-36 questionnaire was used to assess convergent construct validity. A similar a priori hypothesis for convergent validity was used in the studies by Xie et al. [5] and Haverkamp et al. [12] . The correlation between the OKS-S questionnaire and mental health and role limitation due to emotional problems in the RAND-36 questionnaire was used to assess discriminate validity, as in the study by Xie et al. [5] . Convergent and discriminate construct validity assess the theoretical basis of the parameter, and hence we hypothesized the strongest correlation in the convergent validity assessment and the lowest correlations in the discriminate validity assessment. The correlations were calculated using the Spearman rank correlation coefficient, since the majority of the scores were skewed to the left. This was further assessed by QQ-plot for each score. Content validity expresses how well the OKS-S questionnaire covers all the symptoms experienced by patients who have undergone or are scheduled for TKR. Content validity was assessed for floor and ceiling effect. Floor effect includes the proportion of patients scoring the lowest possible (0 points), whereas ceiling effect expresses the opposite, i.e., patients scoring the maximum (48 points). Reliability assessment included test-retest ability and internal consistency. The assessment of internal consistency included the measurement of Cronbach´s alpha. Testretest validity was investigated with a Bland-Altman plot with 95% confidence intervals and the intraclass correlation coefficient (ICC).
Responsiveness between pre-and postoperative questionnaires was assessed. Internal responsiveness was investigated using the effect size 1 (ES1) by Cohen and effect size (ES2), i.e., standardized response mean [18] . External responsiveness was not used for 2 reasons. Firstly, we did not measure any valid reference measure. Secondly, the most suitable method for the assessment of external responsiveness would be a linear regression model as suggested by Husted et al. [18] , but since the majority of the scores included in our study were not normally distributed, regression statistics were not suitable. Statistical analysis was performed with R 3.2.1 (R Foundation for Statistical Computing, Vienna, Austria).
Results
A total of 109 patients completed the OKS-S and KOOS questionnaires preoperatively (Group 1). During the 1-year follow-up, 3 patients were lost and 2 patients died. Thus, postoperative questionnaires were obtained from 104 (95%) of the patients in this group.
In Group 2, 116 patients received both the OKS-S and the RAND-36 questionnaire preoperatively. Similarly, during the 1-year follow-up 2 patients died, 2 patients did not undergo the scheduled primary surgery, and 1 patient underwent a revision surgery. Thus, post-operative questionnaires were obtained from 111 (96%) of the patients in this group.
For the test-retest assessment, 35 patients were again sent the OKS-S questionnaire 1 week after the first preoperative measurement. Fully completed questionnaires were obtained from all these patients with the exception of 1 patient who underwent the scheduled surgery shortly after the preoperative assessment of the first OKS-S questionnaire.
Feasibility
All 225 patients returned the preoperative OKS-S questionnaires. In 9 questionnaires, item(s) were found to be missing or duplicate responses were present. This resulted in a response rate of 96%. Postoperatively, 215 out of 218 patients (98%) returned the completed OKS-S questionnaire. Missing items were also present in 5 questionnaires, which again resulted in a total response rate of 96%.
Validity
Correlations between the OKS and KOOS domains were stronger in the preoperative assessment compared with the postoperative assessment ( Table 2 ). The daily living domain had the strongest correlation with the OKS-S in both a preoperative and postoperative setting, but correlation with pain was also high. Correlations between the OKS and RAND-36 domains were similarly stronger in the preoperative assessment compared with the postoperative assessment. The physical domains (physical functioning, bodily pain and role limitation due to physical problems) of the RAND-36 questionnaire had the highest correlation with the OKS domains compared with the mental or emotional domains, and thus confirmed the convergent validity. Interestingly, energy and vitality had moderate correlation with the OKS-S questionnaire preoperatively, but this correlation was also noted in the postoperative assessment (Table 2 ).
In the preoperative assessment, none of the patients showed either floor or ceiling effect. In the postoperative assessment, none of the patients showed floor effect but 11 (5.2%) of the patients showed ceiling effect.
Reliability
In the test-retest setting, the results of the first assessment correlated with the second assessment (r = 0.913, p < 0.001) (Fig. 1) . A Bland-Altman plot showing the difference against the first measurement of the total scores is shown in Fig. 2 
Responsiveness
Median change in the OKS-S questionnaire was 18 points (range: −11 to 38). ES1 and ES2 was 2.8 and 1.1, respectively.
Discussion
Patient-reported outcome measures (PROMs) are the most important methods used to assess the effect of treatment in orthopedic surgery. Ideally, a PROM should be reliable, practicable, and valid. The OKS questionnaire is one of the most commonly used PROMs with patients that have undergone TKR. The main advantage of the OKS questionnaire is its shortness with only 12 items in the Likert scale. To date, the OKS questionnaire has been adopted and validated in the German, Persian, Italian, Swedish, Korean, French, Japanese, Portuguese, Chinese, Singapore English, and Dutch languages (Table 3) . In this study, we translated and adopted the OKS questionnaire into the Finnish language. Our results showed that the Finnish language version is a suitable tool for the assessment of both the preoperative status and the outcome of TKR. The Short Form (36) Health Survey (SF-36) has been used in many other validation process for the assessment of convergent and discriminant construct validity (Table 3) . In our study, we used the RAND-36 questionnaire, which is similar to the SF-36 except for differences in the scoring of general health and bodily pain [17] . Our results concur with earlier studies with regard to construct validity [12, 13] . The highest correlation suggesting good convergent construct validity was seen in physical functioning, bodily pain, and role limitation due to physical problems. In contrast, the lowest correlation suggesting good discriminant construct validity was seen with mental health, role limitation due to emotional problems, and general health. A direct comparison of the coefficients with other studies is not, however, possible for 2 reasons. Firstly, the study population included in the studies varied greatly. Secondly, some authors have included patients scheduled for knee replacement surgery, whereas other authors have investigated patients who had already undergone the surgery. As can be seen in our study, the results differ to some extent depending on whether the validation has been in the preoperative or postoperative setting. In addition, we observed that postoperative scores are clearly skewed to the left resulting in a small but acceptable ceiling effect. With the older scoring system (12 points best, 60 points worst) the outcome would have been skewness to the right and a small floor effect. This also results in violation of assumption of normality with the postoperative score, and thus the use of Pearson correlation coefficient is not possible. However, the Pearson correlation has been used in other studies where postoperative OKS has been correlated against SF-36 domains [12] .
The OKS questionnaire has excellent criterion validity in the preoperative setting, but also has a slight ceiling effect in the postoperative setting. This is, however, well below the accepted 30%. With regard to criterion validity, we observed neither floor nor ceiling effect in the preoperative assessment. In the postoperative assessment, no floor effect was noted. However, ceiling effect was noted in 11 patients (5.2%). In the previous studies, these effects have been about the same. In accordance with our results, no ceiling or floor effect was present in the preoperative setting in Chinese, Singapore English, German, Dutch, and French language validation [5, 10, 12, 14] studies that used the same, newer scoring system (48 points for best possible outcome and 0 points for worst possible outcome), as we did. In the Swedish, Korean, and Dutch validation studies where the previous scoring system (12-60 points) was used, the percentage of patients scoring the best possible outcome tended to be slightly higher in the Dutch, Korean and Swedish language validation (9%, 1.4% and 6.8%, respectively) [12, 13, 15] .
The responsiveness of the OKS-S questionnaire was large (>0.80) according to Cohen criteria [18] . In previous non-English validation studies, responsiveness has been investigated only in the Dutch language validation. In the original OKS questionnaire validation by Dawson et al. [4] , the responsiveness (ES1 of 2.0) was similar to ours. A limitation of our study was that it lacked an assessment of external responsiveness. Such an assessment would, however, have required the use of a simple Likert-scale item of the patients' global impression of change.
Conclusions
In summary, we found that it is feasible to use the Finnish language version of the OKS questionnaire and that it has a high response rate. Furthermore, the Finnish language OKS questionnaire was also valid, and showed good convergent and divergent validity without any ceiling or floor effect. Test-retest assessment showed 
